It has commonly been assumed that there were no colors in fireworks prior to the early nineteenth century. This essay argues that there were a variety of color recipes in early modern manuals on fireworks, though the nature and value of color in displays differed quite significantly from later periods. Color was used in pyrotechny in production practices, and carried alchemical, medical and other associations.
Color, as indicated above, was certainly present in eighteenth-century fireworks in Russia, where artillerists used a mixture of verdigris and sal ammoniac to make a green flame. 13 While Brock and others might deny that this was 'true' color, to do so is to assume that there is a single, definitive standard against which to judge different historical epochs. It is also to assume that present-day authors can act as judges of all past fireworks. If, however, the question becomes one of how artificers and audiences from the past talked about color, being more sensitive to historical actors' views, then it is evident that people of the sixteenth to eighteenth centuries did believe that they were making and viewing color in fireworks displays. What follows is an exploration of such views, and the recipes and materials used to achieve different colors prior to 1700. Just to be clear, this essay does not deny that there was a transformation in the ability to produce colors in fireworks in the nineteenth century. But people of earlier generations did not view their fireworks as weak or colorless affairs even if later chemists, pyrotechnists and historians have represented them that way.
Visual Evidence for Color
It might be supposed that visual evidence could quickly decide the question of color in early modern fireworks. But the reality is not at all that simple. Most images of fireworks from the period are black and white prints, and if they were colored they were hand-colored without any interest in reproducing the authentic colors of the display. 14 Pictures were made when the combustion of a firework might not yet have happened, or it may never even have happened at all. These were not representations 13 Werrett, "Green is the Colour." 14 The Musée Carnavalet in Paris has many copies of the same fireworks prints from the eighteenth century hand-colored in different ways. See "Vue perspective d'un feu d'artifice tiré devant l'Hotel de Ville pour la publication de la Paix à Paris" (1763), Inv. No.: G24445; G24454; 429446; a.24453.
of enacted displays but images of how artists wanted an event to be made sense of, or remembered. As with all early modern texts, coloring was no straightforward matter.
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There are few paintings of fireworks from the early modern period, and these all seem to indicate that fireworks only showed the natural color of fire. This is true, for instance, of Antoine Caron's Elephant Carousel from the second half of the sixteenth century, which depicts an elephant on a turning wheel in a square in 17 This might be said to settle the matter, but it might first be objected that even fire of a 'natural' hue might have been considered multicolored by early moderns, as will be explored further below. In addition, the color in these paintings was most likely conventional. Even after bright colors became common in fireworks in the nineteenth century it was still normal to represent fireworks with the use of one natural fire color. This was perhaps because using one color provided a clearer fireworks. Henri Gautier explained in a 1697 handbook on color conventions for painted maps and architectural plans that fireworks set off during daytime were to be represented using massicot, that is monoxide of lead, or litharge, which gave a warm yellow-orange color, and gamboge, a mustard yellow pigment made from resin. All other fireworks were to be represented using "vermillion, shading with Chinese ink or indigo, which one also uses for the smoke." 18 In the case of rockets, "their trace in the air is marked with points of vermillion and gamboge mixed together." 19 The color in images of fireworks, in this instance at least, was entirely conventional.
Evidence from Texts
While paintings are of little help, texts reveal numerous references to colored fireworks in the early modern period, though it is difficult to assess their relationship to practice. As early as the late thirteenth century, an Arabic treatise on pyrotechny by magician Giambattista della Porta, and again this casts doubt on the degree to which his recipes were taken from practice. 32 But it seems indisputable that authors at least assumed colored fireworks were a part of pyrotechnics in the sixteenth and seventeenth centuries, and numerous recipes existed for making colors.
The term 'color' should not, however, be assumed to have meant the same to early moderns as it does today. As Doris Oltrogge notes in this volume, there were varying interpretations of color theory in the sixteenth and seventeenth centuries, developing and challenging the ideas of Aristotle on color. Aristotle, among others, believed black and white constituted the basic colors, and colors were ordered in terms of their relative mixture of black and white. Yellow was mostly white and blue was mostly black. Alternatively one could look to an alchemical theory which identified three basic colors-black, which turned into red, which turned into white.
By the end of the seventeenth century, Descartes' mechanical philosophy and is, put in two or three spoonfulls of the composition of Rockets for the water, and ramme that in, then put in two or three spoonfulls of the composition of Rockets for the ayre, and ramme that in, then put in two or three spoonfulls of gunpowder dust. 34 No substance was here being added to generate color, just two different ratios of the same common ingredients, saltpeter, charcoal and sulphur. But the recipe makes sense if one thinks in terms of color being generated by different degrees of black and white, since it utilized different proportions of charcoal, a black substance and saltpeter, a white powder. 35 Bate's recipe suggests that what counted as a 'different' color for him might only be considered a slight variation today. Just as the early modern physician discerned a myriad of subtly different hues in urine, so the artificer, and perhaps also the audiences for fireworks, might discern many different colors among the varieties of 'natural' fire made with gunpowder.
Materials of Color
The ingredients proposed for making color in fireworks were quite varied, and tracing their origins, uses and circulation in the early modern period reveals networks and exchanges between different 'color worlds' that shaped pyrotechnic practice.
Examining materials also helps to illuminate the differences between early modern perceptions of color and common understandings of color today. Camphor was an aromatic spice used in perfumes and to make white flames. The waxy, inflammable substance was extracted from the wood of the camphor laurel tree. 36 Colophone, another name for rosin, was a yellow resin similar in appearance to amber. Along with gum arabic, the hardened sap of the acacia tree, this was used to produce a yellow flame. The blue-red color of aqua vitae, or brandy, is still familiartoday. However, it is not clear that either oil of spike (lavender oil) or linseed oil, made from pressed flax seeds, could produce any color in a pyrotechnic fire.
Verdigris, on the other hand, easily burns to give a green flame. Verdigris, copper acetate or copper carbonate, is a pale green rust used for paints and pigments from ancient times, leading to its name, Green of Greece (or vert de Grèce). Verdigris was made commercially in the seventeenth century, especially in Montpellier in France, by exposing copper sheets to the acid fumes of soured red wine then scraping off the green residue and selling it in lumps. A purer verdigris could be made by dissolving it in vinegar and letting it re-crystallize.
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These materials might be said to have some common properties. Many evidently travelled in a global economy to reach artificers in Europe. The sulphur and saltpeter used to make gunpowder came from Venice, Naples, Sicily and North Africa and were shipped by Italian, German and Flemish traders. 38 Camphor trees were found in Japan, Borneo and Sumatra. Materials did not yield color through a chemical reaction, but their intrinsic hues were thought to add further color to flames. Yellow flames should be made with yellow materials, and so on. Many materials were used in painting, pottery, medicine and alchemy, and suggest a link between these practices and pyrotechny. Aqua vitae, or spirit of wine, for example, was concentrated alcohol or ethanol, made by repeatedly distilling red wine. It was used in a wide range of medicines from the eleventh century, being described in the thirteenth as the "mother and mistress of all medicine" for its power to absorb qualities and flavors from herbs and flowers. 39 In the sixteenth century aqua vitae was used to treat aches and pains, apply the paste to the patient's "fundament" as long as they can bear it). 40 Antimony, used to make yellow flames, was deployed by Bernard Palissy in yellow glazes for pottery, and was another ingredient widely used in alchemy and medicines, notably to make the "star regulus of antimony," a key product of Isaac Newton's alchemy, by heating stibnite with iron and saltpeter.
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Aqua vitae also had strong alchemical associations, equated by many with a certain quintessence or elixir that was able to give life or animation to non-living things, though the term could be used in alchemy to mean many different kinds of distillates, not just alcohol. Alchemy was itself referred to by some early moderns as pyrotechnia, because it worked with fire. Indeed, the use of certain fireworks to imitate the motion of cosmic phenomena or to behave like animated beings such as serpents echoed the generative goals of some alchemists.
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Two other materials used to color fireworks featured frequently in the material culture of painters-linseed oil and verdigris. Linseed oil, proposed as a way to make red fire, became the most popular solvent for oil paints in the fifteenth century, and was also used for varnishes (containing dissolved resins) and for making ink (mixed with soot). Verdigris was widely used by painters for green glazes and paints.
43
Substances and recipes were able to transfer between the color worlds of the artist and pyrotechnician, not least because these might very well be the same people. Siemienowicz proposed using camphor or elder pith to make white powder, verdigris for green, saffron for yellow and red sanders and amber for red. Such colored powders may have been used to generate colored fires but this would not work in the case of adding, e.g., azurite or blue bice to make blue powder as the English gunner and mathematician Nathaniel Nye proposed to do in 1647. 56 The addition of color ingredients was rather discussed in terms of changing the quality of gunpowder's strength. The quotation from the Feuerwerksbuch above perhaps indicates that changing the color of gunpowder could add to its strength, and this may have set the terms for Siemienowicz' discussion of color and the strength of powder.
The Blackness of Gun-powder is entirely owing to the Charcoal; but that
Tincture is no necessary Adjunct to its Nature, nor does it so far contribute to the strengthening of it, but that you may make it of several Colours with equal
Success. For Example if instead of Charcoal you take rotten Wood, or white
Paper that has been first moistened, then put into an hot Oven, and after that pulverized, or any thing else that is of a very combustible Nature […] you will have a Powder to the full as effective as the Black Sort. would rather reduce its strength than add to it; consequently coloured powder must be weaker than black: so that the making of powder of different colours, is only a fancy that serves to please the curious, without any other effect. 58 Using different colors to generate different properties was not unknown in other early modern arts. As Pamela Smith has shown in her study of the dye vermilion, blood, redness, and aqua vitae all had associations of renewal, redemption and the recovery of strength in this period (which is why manuscript corrections were made with red ink). 59 Many fireworks recipes employed aqua vitae. The Feuerwerksbuch claimed that sulphur could be made stronger, that is "trückner vnd hitzig vnd besser" (dryer, hotter, and better) by grinding it with kecksilbers (mercury) and soaking it in gebrennten win (aqua vitae). 60 In the seventeenth century, Nye included vinegar made as "red as blood" with brazil wood in a recipe for red powder, which he followed with a recipe for renewing the strength of old gunpowder.
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Scenery and Decorations
The appreciation of color difference and function evidently changed over time and this was also true of the appreciation of where color mattered in fireworks displays.
The idea that the color of fire is of principal importance in pyrotechny seems to have The enduring elements mattered more to D'Israeli than the fleeting pyrotechnics, because they transcended their specific instance of performance and were available to a broader audience through print. D'Israeli's comments reveal the novelty of Ruggieri and Cutbush's idea that fireworks should be principally about the chemical creation of colored fire. This idea became a common assumption in pyrotechny, and has distorted the view of early modern fireworks, as a practice lacking color, ever since.
Conclusion
In conclusion it is difficult to make many secure statements about the presence of color in early modern fireworks, but the aim of this paper has not been to do so. While it should be evident that color was certainly a part of pyrotechny in this period, 66 Dragon figures in fireworks should be given "diuers couleurs" according to Powders may have been colored not to change the color of flames, but in the belief that it strengthened the powder. Color was certainly an important feature of architectural decorations in displays. These uncertainties are important, not only because they raise interesting questions about the nature of color use and perception among early moderns, but also because they suggest that perhaps articulating the precise nature of color was not given much importance in early modern fireworks.
That is, while color might have been present and valued in fireworks, being very concrete about where and how color should figure in displays was apparently not a preoccupation of early modern authors. It was only in the nineteenth century that a more precise discourse of color emerged in pyrotechny, matching the concern to use chemistry to produce specific, pyrotechnic colored flames. The diffuseness of early modern color, then, should not just be taken as a product of incomplete historical knowledge, but is perhaps better seen as itself a feature of the 'color world' of early modern pyrotechnics.
